The effect of different types of fat supplementation on the flow of fatty acids to the duodenum was estimated on three milking sheep fitted with duodenal re-entrant cannula in a 3 x 3 Latin square design consisting of three experimental diets differing in the percentage of supplemental fat. The basic ration for the control group consisted of meadow hay and concentrate (60:40) and was
INTRODUCTION
Evidence from prospective cross-cultural, cohort, and interventional studies indicates that the risk of coronary heart disease in populations increases with increasing mean serum LDL-cholesterol levels, and the most important factor affecting serum LDL-cholesterol is the dietary fatty acid profile (Kromhout et al., 2002 , cited by Aro, 2002 . Much emphasis has been placed on the improvement of the fatty acid profile of products obtained from ruminants. It has been recognized for many years that in ruminants, the microbial processes in the rumen affect the composition of the fatty acids in dietary lipids before they are absorbed (Givens et al., 2001) . The main end product of biohydrogenation is stearic acid, but according to Harfoot et al. (1973) , when higher amounts of linoleic acid are available, biohydrogenation usually stops before the final step and various cis and trans isomers are formed. Hence, rumen-originating fatty acids flowing to the duodenum could be a marker of fatty-acid composition of products obtained from ruminants, e.g. milk and meat. Fatty acids that pass to the duodenum can be derived from three sources: endogenous sources, dietary lipids and de novo fatty acid synthesis by ruminal microorganisms (Christensen et al., 1998) .
The objective of the performed experiments was to determine the effect of vegetable and animal fats on the passage of fatty acids to the duodenum in sheep.
MATERIAL AND METHODS

Animals and diets
The experiments were carried out in a 3 x 3 Latin square design on 3 milking ewes (50±5 kg) fitted with re-entrant duodenal cannula to determine the effect of fat source on fatty acids concentration in the duodenum. The basic ration for the control group consisted of meadow hay and concentrate (60:40), which was supplemented for the experimental groups with linseed oil (LSO), soyabean oil (SO), fish oil (FO), tallow (T) or Bergafat ® preparation (B) at a level of 0 (control), 4 and 6 % in dry matter of the diet. The concentrations of fatty acids in the fats and the energy value and protein content of the rations were described in our previously published paper (Szumacher-Strabel et al., 2002) .
Sampling and analysis
The experiments consisted of three 16-day trials, 14 days for adaptation to the diet and the last two for duodenal digesta collection. Five-percent aliquots of total duodenal digesta entering the duodenum were taken and frozen until the fatty acids were analyzed. The fatty acid content in duodenal digesta was determined according to the procedures of Heinig et al. (1998) , modified by Czauderna et al. (2001) . SZUMACHER-STRABEL M. ET AL.
Statistical analysis
All data were analyzed using SAS procedures (User's Guide, 1990).
RESULTS
All used fats, of either vegetable or animal origin, caused statistically significant changes in the passage of fatty acids to the duodenum. Soybean oil added to sheep rations (Table 1) , a source of linoleic acid necessary for cis and trans forms produced during biohydrogenation in the rumen, significantly decreased the level of particular saturated fatty acids and also the sum of saturated fatty acids when 4 and 6% of fat were added. The sum of saturated fatty acids ranged from 61.12% in the control group, to 28.67 and 34.48% in experimental groups, respectively. A statistically significant increase (P<0.01) in MUFA content was observed, whereas PUFA decreased (P<0.01) significantly. Both the PUFA-3 and PUFA-6 levels in the duodenum were reduced by fat addition. The PUFA-3 level was reduced (P<0.01) from 3.85% in the control group, to 1.11 and 0.61%, respectively, in the experimental groups. There was also a significant effect of fat addition on the PUFA-6 level, which decreased from 7.69% in the control group to 2.99 and 2.33%, respectively, in groups receiving 4 and 6% of soyabean oil in dry matter. The ratio of n-6:n-3 PUFA was also influenced (P<0.05) by fat supplementation and ranged from 1.96:1 in the control group to 2.78:1 and 3.57:1, respectively in the experimental groups. A less detrimental effect of fat in the sheep ration was observed when linseed oil was added (Table 2) . We observed a significant (P<0.05) decrease in the stearic acid level when this oil was supplemented. The level of stearic acid ranged from 24.79% in the control group to 16.20 and 6.09% when 4 and 6% of linseed oil was added to the ration. As a consequence of the decline in stearic acid, we noticed a significant (P<0.05) decrease in the level of total saturated fatty acids. In response to linseed oil supplementation, a source of polyunsaturated fatty acids, the level of MUFA and PUFA in the duodenum increased (P<0.05).
Under the fish oil treatment we observed a decrease (P<0.01) in two saturated fatty acid levels: lauric and palmitic (Table 3) . Also most of the detected unsaturated fatty acids were affected by fat treatment. We noticed a decreased level of monounsaturated fatty acids, oleic (P<0.01) and petroselaidic (P<0.05), and polyunsaturated fatty acids: ricinoleic, linolenic and linolenelaidic. Fat diets reduced the flow of the sum of polyunsaturated fatty acids, PUFA-3 (P<0.05) and PUFA-6 (P<0.01) to the duodenum. The PUFA n-3 concentration decreased from 2.54% in the control group, to 0.74 and 0.46% in the experimental groups. The rations supplemented with 4 and 6% of fish oil decreased the flow of PUFA-6 to the duodenum from 8.39% in the control group, to 2.75 and 1.94% in the experimental groups, respectively. We observed a high, but not statistically significant increase of C18:1 cis 6 and as a consequence of the increase of MUFA and also the sum of MUFA and PUFA levels.
Under Bergafat ® conditions, the passage of fatty acids to the duodenum did not point to any modifications in the fatty acid profile, except the concentration of oleic acid, which tended to increase (P<0.05). The oleic acid level increased to 2.48 and 3.08% when compared with 0.91% in control group (Table 4) . When tallow was added to the sheep rations, the concentration of some duodenal fatty acids decreased significantly (Table 5) . Most of the changes were connected with the level of polyunsaturated fatty acids, which were significantly decreased when diets were supplemented with additional fat. The level of linolenic acid (cis 9, 12, 15) decreased (P<0.05) from 1.06% in the control group to 0.43 and 0.21%, respectively, in experimental groups. Also linolenelaidic acid (trans 9, 12, 15) was decreased when tallow was added. The concentration of this fatty acid ranged from 2.68%, to 1.11 and 0.52% when the diets, contained 4 and 6% of tallow in dry matter. We also observed a significant decrease in the PUFA-3 level (P<0.05) and in the PUFA-6 : PUFA-3 ratio (P<0.05), from 2.50:1 in the control group to 2.78:1 and 4.35:1, respectively, in the experimental groups. On the other hand, under this treatment a slight but statistically insignificant increase in palmitic and stearic acid levels was observed. Furthermore, the total saturated fatty acid abundance (SFA) increased when tallow was added to the sheep ration. 
DISCUSSION
Over the past 40 years, awareness of the association of dietary fat with cardiovascular disease has become entrenched in the marketplace and in the attitude of consumers towards their food; a huge industry has developed to provide 'low-fat', 'fat-free' or functional food products for a 'healthy' lifestyle (Reynolds and Dewhurst, 2002) . Generally, consumers should follow recommendations and change their total dietary intake of fat, the proportion of their dietary fat that is saturated, the ratio of n-6:n-3 PUFA in their diets, and intake of trans fatty acids (Gurr, 1999) . To meet consumer demand, it is necessary to considerably change the composition of ruminant meat and milk, and to achieve this, i.e. to modify the quantity and composition of fatty acids in animal products, the fatty acid profile in diets used in animal nutrition should be altered. Ruminant body fat usually contains a higher proportion of saturated fatty acids than diets fed; these saturated fatty acids are formed in the rumen during biohydrogenation. Attempting to enhance the nutritional quality of ruminant diets with unsaturated fats necessitates optimal escape of the fatty acids from ruminal biohydrogenation (Kucuk et al., 2001) . Dietary fat can modify this process, resulting in higher proportions of unsaturated fatty acids flowing to the duodenum and higher unsaturated fatty acid contents in ruminant products. The fatty acid profile of fats reaching the duodenum is usually used as a marker of fatty-acid composition in obtained products. The results of our experiments demonstrated that vegetable fats, especially soyabean oil, and fish oil added to sheep rations caused a decrease in the duodenal passage of most saturated fatty acids. Diets supplemented with tallow, which is mostly a source of saturated fatty acids, significantly decreased the level of C12:0 and increased the level of C16:0 and C18:0 saturated fatty acids passing into the duodenum, but the differences were not statistically significant. Bergafat ® had no influence on the level of saturated fatty acids reaching the duodenum. In our experiments, fats added to basal diets generally increased the flow of monounsaturated fatty acids to the duodenum. The addition of soyabean oil resulted in increased flow of petroselinic acid (cis 6 C18: 1) and a higher total MUFA level. Linseed oil increased the level of total MUFA and PUFA. Fish oil increased the level of some monounsaturated fatty acid (e.g. C18:1 cis-6) but the differences were not statistically significant, whereas when Bergafat ® was added to the ration, passage of oleic acid increased. None of the used fats increased the level of particular polyunsaturated fatty acids or total PUFA in duodenal digesta. Unexpectedly, we did not observe benefits of increased consumption of fish oil (a source of n-3 fatty acids) or other vegetable oils rich in n-3 PUFA. It is not known with certainty what the optimum or desirable dietary ratio of n-6:n-3 PUFA is for man. However, current evidence suggests that a value in range from 5:1 to 1:1 is probably reasonable, whereas a value in the region of 50:1 is undoubtedly excessive (Sargent, 1995; Cowing and Saker, 2001; Givens et al., 2001 ). Though we noticed statistically significant differences only when soyabean oil and tallow were added to the rations, we realize that regardless of the type of fat added to sheep rations in our experiments, the ratio of n-6:n-3 was in the proper range and, as a consequence, could improve the fatty-acid composition of milk and meat. Our previous experiments demonstrated that rapeseed oil, hydrogenated rapeseed oil and linseed oil added to the diet caused a decrease in saturated but increase of total unsaturated, mostly monounsaturated fatty acids, in duodenal digesta of sheep (Potkański et al., 2001) . Data obtained by Wagner et al. (1998) demonstrate that long-chain fatty acids reaching the duodenum seem to enter directly into milk fat, which confirms the thesis that the fatty-acid composition of duodenal digesta is a good marker of the fatty-acid composition of the obtained products. To establish the effect of fat added to sheep rations on biohydrogenation and hence on fatty acid profile reaching the duodenum, further study is required.
